INTRODUCTION
Actinomycetes are common in fodder (Lacey, 1988) , where they grow rapidly on heating and produce degrada.tive enzymes that enable utilization of the substrate. Members of some taxa cause extrinsic allergic alveolitis (hypersensitivity pneumonitis) resulting from inhalation of large numbers of spores released when mouldy substrates are disturbed (Lacey, 1981) . Species such as Faenia rectivirgula, Saccharomonospora viridis, Streptomyces albidopavus and Streptomyces albus are found in a wide range of substrates but other taxa, notably Nocardiopsis dassonvillei, Saccharopolyspora hirsuta, Streptomyces thermoviolaceus and Thermomonospora chromogena, seern to be favoured by particular substrates (Lacey, 1988) . Fodder isolates whose taxonomic status is uncertain include strains initially assigned to the genus Actinomadura (Lacey et al., 1978) but subsequently shown to form three numerically circumscribed taxa, clusters A, B and C (Athalye., 1981) , that had little in common with phena corresponding to established species of Actinomadura (Goodfellow et al., 1979) or Streptomyces (Williams et al., 1983) .
Chemical markers are now widely employed in the circumscription of actinomycete genera (see Williams er al., 1989) , although numerical taxonomy still provides an effective way of assigning numerous poorly classified organisms to taxospecies (see Goodfellow & Dickinson, 1985) . Actinomycetes which contain meso-diaminopimelic acid, arabinose and galactose (wall chemotype IV sensu Lechevalier & Lechevalier, 1970) , but lack mycolic acids, form the
Numerical classi$cation
The probability ( p ) of an erroneous test result, as estimated from results with the six duplicated strains (Table l) , averaged 4.1 %, equal to an observed Ss, between duplicated cultures ofjust under 92%. Cluster composition was not greatly affected by the statistical tests.
The test strains were assigned to six major (5 to 38 strains), six minor (2 to 3 strains) and ten single-member clusters defined at or above the 0.22 level in the Dp, UPGMA analysis (Table 1 , Fig. 1 ). Most clusters were distinct and homogeneous and were named, where possible, after the type or authentic strains they contained. Clusters 1 to 6, all of which encompassed isolates from fodder, showed a close affinity with the type strain of Saccharopolyspora hirsuta. Cluster 7 also contained fodder isolates together with strains received as Actinomadura madurae and Nocardiopsis dassonvillei (Table 1) . The three strains received as Actinomadura species (cluster 12) were sharply distinguished from all of the other numerically defined clusters.
Cluster 1 accommodated 14 of the 26 cluster B strains. The remaining organisms provisionally assigned to cluster B were either recovered as single-member clusters or formed minor phena 2, 3,5 and 6. In contrast, all but one of the 38 cluster A strains constituted cluster 4; the exception, strain A700, formed a single-member cluster. Similarly, clusters 7 and 9 encompassed the cluster C isolates and Saccharothrix aerocolonigenes, respectively. Amycolatopsis orientalis strains formed clusters 8 and 10, apart from A . orientalis N883, which was recovered as a distinct singlemember cluster. The organisms labelled Actinomadura that formed cluster 12 had properties typical of the genus Rhodococcus (Good fellow, 1986) . The affinities of Amycolata autotrophica A52 and other strains forming single-member clusters can be seen in Fig. 1 .
Cluster composition was not greatly affected when the Ss, coefficient was employed, although some of the phena were arranged differently. The clusters were defined at or above the 77% similarity ( S -) level. Major clusters 1 (Saccharopolyspora gregorii) and 7 (cluster C) were recovered in their entirety, as were minor clusters 3 (cluster B), 11 (Faenia rectivirgula) and 12 (Rhodococcus sp.). Similarly, Amycolata autotrophica A52, Amycolatopsis orientalis N883, Saccharopolyspora hirsuta N745 and fodder isolates A49, A61, A68 and A108 again formed single-member clusters. Cluster 4 (Saccharopolyspora hordei) in the SSM, UPGMA analysis accommodated 37 strains which were divided between two adjoining subclusters at the 72% S-level. Subcluster 4A contained 34 isolates, including strains A700 and N251 which had previously formed single-member clusters, and subcluster 4B contained strains A5 1, A53 and A78. The Saccharothrix aerocolonigenes strains were also recovered in two subclusters. Subcluster 9A encompassed 12 strains and was sharply separated from subcluster 9B, which contained strains N852 and N853. In contrast, phena 2 (cluster B) and 5 (cluster B) formed a single cluster that also contained strain A78 from phenon 4 (cluster A) and strain A90 from phenon 6 (cluster B). Similarly, the Amycolatopsis orientalis strains of clusters 8 and 10 formed a single cluster, apart from strain N883, which was again recovered as a single-member cluster. Phenon 6 (cluster B) contained three organisms, having gained strain A265, previously a singlemember cluster.
The properties of the multimembered clusters defined in the D p , UPGMA analysis are given in Table 2 .
Species of Saccharopolyspora can be distinguished using a combination of biochemical, morphological, nutritional and physiological features (Table 3) .
Morphology
Isolates classified in clusters 1, 2, 3 and 5 were similar in appearance. Colonies were pale yellowish to warm buff and grew over a temperature range of 10-20 to 35-40 "C, mostly at 15 to 35 "C. There was usually extensive fragmentation of the substrate mycelium into rod-shaped and coccoid elements. White aerial mycelium was formed sparsely, if at all, with most produced by cluster 1 isolates, especially at 20 "C. Little was produced below 15 or above 25 "C. Electron microscopy showed mostly vegetative cells. Spores, with a smooth sheath, were only evident in strain A86, which was also atypical in having aerial mycelium with short side branches.
Cluster 4 isolates grew at higher temperatures than those of clusters 1, 2, 3 and 5. The temperature range for growth was 20-30 up to 60 "C. Colonies were colourless to light or warm buff. The substrate mycelium showed some fragmentation into coccoid elements. When 
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Rhodococcus sp. produced, aerial mycelium was sparse, white and carried short, flexuous or curved spore chains (Fig. 2) . Electron microscopy revealed the spores to be covered with a smooth or slightly warty sheath ( Fig. 3 ) and adjacent spores were often separated by an empty segment of hypha, as observed previously in Saccharopolyspora hirsutu (Lacey & Goodfellow, 1975) . Isolated spores often had an annulus of sheath material evident at each end (Fig. 4) . Strain A65 was atypical in growing only between 20 and 30 "C and in having short, straight branches on aerial hyphae. Two of the three cluster 6 isolates grew over the range 20 to 60 "C while strain A57 grew only between 15 and 35 "C. Strains A75 and A90 resembled cluster 4 isolates while strain A57 colonies were colourless with little fragmentation or evidence of spores. 0  16  6  0  1  2  0  0  0  0  0  17  8 11  5  2  2  2  3  3  3  17  7 10  5  2  2  2  3  3  3  17  7  8  4  2  2  2  3  3  3  17   5   3  2  2  2  2  3  3  3  17  3  0  1  1  2  2  1  1  2  17  8 14  2  2  2  2  3  3  3  17  8 14  5  2  2  2  3  3  3  17  8 11  4  0  2  0  3  1  3  17  8 14  5  2  1  2  3  3  3  10  8  9  2  2  0  1  3  0  3  1  1  0  0  0  0  0  1  0  0   17  8 12  5  2  1  2  2  2  0  17  8 14   5   2  2  2  3  0  3  17  8 14  4  2  2  0  3  3  0  17  8  3  5  2  1  2  2  3  3  17  7 13   5   2   2  2  3  3  3  17  6 13  5  2  2  2  3  0  1  17  3  2  4  1  1 
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Trace amounts of i-16A9, 15Me, 16 :lA9, 16 :0, 17 :0, 18Me and a partially characterized dimethyl branched fatty acid were also detected. Abbreviations for the FAMEs are explained by the following examples: 16:0, straight-chain hexadecanoic acid; i-15 : 0, 13-methyltetradecanoic acid ; ai-15 : 0, 12-methyltetradecanoic acid; i-16 : la9, 14-methyl-cis-9,1O-pentadecenoic acid; 16 : lA9, cis-9,lO-hexadecenoic acid; 15Me, lo-methylhexadecanoic acid; i-l7Me, 10,15-dimethylhexadecanoic acid. Cluster 7 isolates differed from those assigned to other clusters in having a well-developed aerial mycelium that was white except at optimum temperatures, when it assumed a pinkish tinge (2ca, red series; Tresner & Backus, 1963). The colony reverse was white to pale yellow. Spore chains were produced on the aerial mycelium in coils and spirals except in strain A254, where they were close to flexuous. Spores were smooth. The temperature range for growth was 20-25 to 40 "C but strain A254 grew up to 55 "C.
Of the single-member clusters, organism A61 was typical of the appearance of Faenia rectiuirgula and grew at temperatures from 35 to 60 "C. Strain A68 resembled cluster 4 isolates.
Organisms A215 and A265 resembled cluster 1 strains, but without aerial mycelium and with little fragmentation.
Chemosy s tema t ic analyses The mean DNA base composition values derived from the two determinations performed on strains A65 (cluster 4) and A85 (cluster 1) were 72 and 74 mol % G + C , respectively. TLC analysis of whole-organism methanolysates of the test strains of Saccharopolyspora (Table 4 ) revealed major components (RF 0.8) that corresponded to non-hydroxylated FAMEs (Minnikin et al., 1980) . These strains also contained components that co-chromatographed with the methyl ester of 2-hydroxystearate (RF 0.2). All the organisms tested gave qualitatively similar fatty acid profiles ( Table 4 ) that consisted of iso-, anteiso-and 10-methyl branched saturated, iso-branched mono-unsaturated, and straight-chain saturated and mono-unsaturated fatty acids. The major components were iso-15, anteiso-15, SO-16, iso-17, anteiso-17 and 17Me, although the relative proportions of these compounds varied between strains. The S. gregorii and S. hordei strains contained small amounts of iso-10-methylhexadecanoic acid ( < 2.2%) whereas S. hirsuta ATCC 27875 possessed a relatively large proportion of this compound (1 3.1 %).
Mycolic acids were not detected.
Components that co-chromatographed with vitamin K1 and gave mass spectra characteristic for menaquinones were the only isoprenoid quinones found in the test strains. All isolates contained tetrahydrogenated menaquinones with nine isoprene units [ MK-9(H4)] as the major isoprenologue (60-100%) and smaller proportions of MK-8(H4) (0-5 %), MK-9(H2) (0-30%) and MK-9(H6) (0-13%).
Examples of the two-dimensional polar lipid patterns obtained with the representatives of clusters 1 and 4 are shown in Fig. 5 . All the test organisms gave very similar polar lipid patterns consisting of diphosp hat idylglycerol, phosp hat idylglycerol, phosp hatidylinosi tol, two or three choline-positive phospholipids, two ninhydrin-positive phospholipids and several unidentified phospholipids and glycolipids. The chromatographic behaviour of the choline-and ninhydrinpositive phospholipids suggested that they were derivatives of phosphatidylcholine and p hosp ha t id yle t hanolamine, respectively .
All of the cluster A and B strains had a wall peptidoglycan based on meso-diaminopimelic acid and contained alanine, glutamic acid and glycine as major amino acids. Arabinose and galactose were the major sugars. Whole-organism hydrolysates of cluster C strains A258, A259 and A261 (cluster 7) contained LL-diaminopimelic acid.
DISCUSSION
Our findings confirm and extend those from previous studies (Lacey et al., 1978; Goodfellow et al., 1979) which indicated that previously undescribed wall chemotype IV actinomycetes that lack mycolic acids from fodder formed at least two taxospecies. It was particularly interesting that in the classification derived from the Dp, UPGMA analysis most of the cluster A (phenon 4) and cluster B (phenon 1) strains shared a greater overall similarity to Saccharopolyspora hirsuta than to Amycolata autotrophica, Amycolatopsis orientalis and Faenia rectivirgula. Indeed, the fodder isolates and Saccharopolyspora hirsuta N745 formed a distinct aggregate group. A second, albeit chemically heterogeneous, assemblage encompassed Amycolatopsis orientalis, Saccharothrix aerocolonigenes (wall chemotype 111) and cluster C (wall chemotype I) strains. The latter have properties consistent with their assignment to the genus Streptomyces (Williams et al., 1983) .
Cluster composition was not markedly affected by the statistics used, or by the 4.1 % test error.
However, relationships between clusters were influenced by the coefficients of association. Thus, in the SSM, UPGMA analysis, phenon 1 (cluster B) and Saccharopolysporu hirsuta N745 had a closer relationship to the Amycolatopsis, Saccharothrix and cluster C (Streptomyces sp.) strains than to fodder isolates assigned to phenon 4 (cluster A). This and earlier observations (Goodfellow et al., 1979 (Goodfellow et al., , 1985 Athalye et al., 1985) emphasize the importance of evaluating the composition of numerically circumscribed aggregate groups using data derived from chemical and molecular systematic studies.
A combination of chemical and morphological properties are currently used to classify wall chemotype IV actinomycetes that lack mycolic acids (Goodfellow & Minnikin, 1984; Lechevalier et al., 1986; Embley et al., 1988) . The representatives of clusters A (phenon 4) and B (phenon 1) were rich in iso-and anteiso-fatty acids and contained small amounts of the diagnostic component, iso-10 methylhexadecanoic acid. These organisms also contained tetrahydrogenated menaquinones with nine isoprene units as the predominant isoprenologue and had a polar lipid pattern that included major amounts of diphosphatidylglycerol, phosphat idylglycerol, phosphatidylinositol and derivatives of p hosp hatidylc holine and p hosphatidylethanolamine. It is evident given these chemical data that phena 1 and 4 are more closely related to Faenia and Saccharopolyspora than to the genera Actinopolyspora, Amycolata, Amycolatopsis, Pseudonocardia and Saccharomonospora (Embley et al., 1988) . The chemical data recorded for Saccharopolyspora hirsuta N745 are in good agreement with previous findings (Embley et al., 1987 (Embley et al., , 1988 .
The genera Faenia and Saccharopolyspora are currently distinguished by their DNA base composition (Poschner et al., 1985; Lechevalier et al., 1986; Labeda, 1987) and detailed polar lipid profiles (Embley et al., 1988) . Faeniu strains have DNA with relatively low G + C values (66-68 mol %), a single phosphatidylcholine component and many glycolipids ; Saccharopolyspora strains have DNA richer in G + C (70-77 mol %), multiple phosphatidylcholine components and fewer glycolipids. On this basis the fodder isolates belonging to phena 1 and 4 have more in common with Saccharopolyspora than Faenia. Ribosomal RNA sequencing data support the association between the genus Saccharopolyspora and phenon 4 (Embley et al., 1989) .
It is evident from the chemical, morphological and numerical phenetic data that the strains assigned to phena 1 (cluster B) and 4 (cluster A) merit species status within the genus Saccharopolyspora Lacey and Good fellow 1975. Accordingly, the species Saccharopolyspora gregorii and Saccharopolyspora hordei are proposed for phena 1 and 4, respectively. The minor phena and single-member clusters accommodating the remaining cluster A and B strains may form the nuclei of additional species, but further studies are needed to establish this.
Description of Saccharopolyspora gregorii Goodfellow, Lacey, At halye, Embley and Bowen sp. nov. gre.gor'i.i. ML gen.n. gregoriiof Gregory; named after P. H. Gregory, a British mycologist and aerobiologist.
Colonies pale yellowish to buff with sparse white aerial mycelium at growth temperatures of about 20 "C. Substrate mycelium well developed but fragmenting extensively into coccoid elements. Sporulation or fragmentation of the aerial mycelium may sometimes be seen, forming hooks or flexuous chains. Transmission electron micrographs show mainly vegetative rods and cocci but occasionally spores with a smooth sheath. Degrades aesculin, arbutin, casein, elastin, gelatin, hypoxanthine, starch, Tweens 20 and 80, tyrosine and xanthine ; utilizes adonitol, L-arabinose, fructose, galactose, glycerol, maltose, mannitol, mannose, rhamnose, sucrose, xylose, D-and L-alanine, L-proline, sodium propionate and sodium pyruvate as sole carbon sources but not glycogen, lactose, starch, trehalose or L-serine. Nitrate is not reduced and neither allantoin nor urea is hydrolysed. The organism is tolerant to a range of antibiotics and chemical inhibitors (see Table 2 ). Temperature range for growth: 10 to 35 "C.
The wall peptidoglycan contains alanine, glutamic acid and glycine with meso-diaminopimelic acid as the diamino acid. The principal wall sugars are arabinose and galactose. The organism is rich in iso-and anteiso-fatty acids, with 14-methylpentadecanoic and 14-methylhexadecanoic acids predominating. It also contains tetrahydrogenated menaquinones with nine isoprene units as the major isoprenologue and major amounts of diphosphatidylglycerol, p hosp hat id ylc holine, p hosphatidylglycerol, p hosp hat idylinosi to1 and unc haracterized phospho-and glycolipids. The mol % G + C content of the DNA of the type strain is 74 (Tm).
Isolated from grass, hay, straw, barley grain and soil. Type strain : Saccharopolyspora gregorii NCIB 12823 (A85).
Description of Saccharopolyspora hordei Goodfellow, Lacey, Athalye, Embley and Bowen hor'.de.i. L neut. n. hordeum, barley; ML n. Hordeum, a genus of grass. Colonies colourless to light buff, conical, rounded or wrinkled. Substrate mycelium well developed, sometimes fragmenting into coccoid elements. Aerial mycelium lacking or sparse white with short flexuous, hooked or spiral spore chains often with a beaded appearance. Transmission electron micrographs show the spores to be characteristically covered by a smooth sheath, with adjacent spores often separated by a short length of empty hypha. Degrades aesculin, arbutin, DNA, guanine, RNA, starch, testosterone, Tweens 20 and 80, L-tyrosine and xanthine ; utilizes L-arabinose, cellobiose, fructose, galactose, glycogen, glycerol, maltose, mannitol, mannose, starch, sucrose and xylose as sole carbon sources. Neither allantoin nor urea is hydrolysed. Tolerant to a range of antibiotics and chemical inhibitors (see Table 2 ). Temperature range for growth is 20-30°C up to 60°C.
The wall peptidoglycan contains alanine, glutamic acid and glycine with meso-diaminopimelic acid as the diamino acid. The principal wall sugars are arabinose and galactose. The organism is rich in iso-and anteiso-fatty acids, with 14-methylhexadecanoic acid and 14-and 15-methylpentadecanoic acids predominating. It also contains tetrahydrogenated menaquinones with nine isoprene units as the major isoprenologue and major amounts of diphosphatidylglycerol, phosphatidylcholine, phosphatidylglycerol, phosphatidylinositol and uncharacterized phospho-and glycolipids. The mol % G + C content of the DNA of the type strain is 72 (T,,,) .
Isolated from barley and oat grains, grass hay, straw and sugar cane bagasse. Type strain : Saccharopolyspora hordei NCIB 12824 (A54).
